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FOREWORD 


A  two  day  syniposiuni  on  "Structural  hitcruiolallicR  -  Perspot^tivc.s  on  vScionco 
and  Technology"  was  held  at  the  Defence  Metallurgical  Research  Laboratory, 
Hyderabad,  India  on  February  5  and  6,  1994,  preceding  the  Annual  General  Meeting 
of  the  Materials  Research  Society  of  India.  The  Symposium  was  organised  by  the 
Metals  Group  of  the  Materials  Research  Society  of  India  and  co-sponsored  by  the 
Asian  Office  of  Aerospace  Research  and  Development,  US  Air  Force.  C.V.Sundaram, 
Chairman,  Metals  Group  of  the  Materials  Research  Society  of  India  noted  in  his 
introductory  remarks  that  the  progress  towards  the  development  of  internietallics  to 
application  has  been 'exasperatingly  slow.  Robert  Calm  ofthe  University  of  Cambridge, 
UK,  in  a  keynote  lecture  provided  a  historical  perspective  on  early  research  on  weakly 
ordered'  alloys  and  examples  of  more  recent  work  on  'strongly  ordered'  compounds. 

The  symposium  featured  ten  overview  talks.  Dan  Miracle  of  Air  Force  Wright 
Laboratory  addressed  both  science-based  issues  and  engineering  concerns  related  to 
the  metallurgy  of  NiAl.  He  noted  that  NiAl  could  be  significantly  strengthened  to  the 
levels  of  several  superalloys  and,  in  any  case,  possessed  a  variety  of  attractive 
properties  such  as  low  density,  high  thermal  conductivity  and  excellent  environmental 
resistance.  Nevertheless,  a  reasonable  combination  of  toughness  and  high  temperature 
strength  continues  to  be  an  elusive  goal,  and  the  current  approach  emphasises  design 
methodologies  wliich  can  use  low  tougluiess  materials  with  adequate  factors  of  safety. 
The  alloy  system  presents  large  opportunities  for  research  in  fabrication  (casting 
technology),  strengthening  and  deformation  behaviour.  Vinod  Sikka  presented  the 
status  of  FegAl  and  Ni3Al  from  an  applications  engineering  perspective  with  emphasis 
on  work  at  the  Oak  Ridge  National  Laboratory,  USA.  He  stressed  specially  the 
excellent  corrosion  and  sulphidation  resistance  ofthe  FegAl  base  alloys  and  their  cost 
benefits  in  relation  to  stainless  steel.  High  temperature  strength  levels  continue  to 
be  of  concern  and  strong  environmental  effects  on  ductility  at  room  temperature  have 
been  identified.  It  appears  unlikely  that  NigAl  base  alloys  will  find  aeroengine 
applications,  but  their  excellent  carburisation  resistance  and  high  temperature 
strength  lend  them  to  applications  in  heat  treatment  furnaces,  automotive  vehicles 
and  in  manufacturing.  Cost  is  a  key  concern  in  these  applications.  A  summary  of  the 
work  on  TigAl  and  Ti2A!Nb  base  alloys  at  the  Defence  Metallurgical  Research 
Laboratory,  with  emphasis  on  the  key  issues  that  limit  application,  was  provided  by 
Ashok  Gogia.  He  described  microstructura!  and  compositional  effects  on  primary 
creep  in  some  detail  emphasising  that  this  area  has  not  received  adequate  attention 


ill  the  liLoruLure,  althoiigli  the  iiuijor  coutrihutioii  to  creep  strain  arises  from  transient 
behaviour.  Other  drawbacks  relate  to  oxygen  induced  dynamic  embrittlement  over 
the  range  ol  application  temperatures  and  poor  burn  resistance,  a  I'eature  common  to 
all  titanium  alloys  with  the  exception  of  TiAl.  Patrick  Martin  from  Rockwell  Science 
Centre,  USA  described  the  current  status  on  ^iAl.  Successful  engine  ground  tests  at 
General  Electric  of  cast  Ti-47Al-2Cr-Nb  offer  a  positive  outlook  for  application  of  an 
intermetallic  alloy  in  rotating  applications.  His  talk  emphasised  issues  related  to 
thermomechanical  processing  of  these  alloys  as  they  affect  microstructure  evolution 
and  emphasised  the  need  to  refine  the  processing-microstructure-property  envelope 
in  full  scale  ingot  conversion  and  the  development  of  low  cost  processing  approaches 
for  potential  automotive  applications. 

Work  on  molybdenum  disilicide  was  covered  in  two  presentations  :  Dallis 
Hardwick  summarised  the  physical  metallurgy  of  MoSi2  and  described  in  some  detail 
Rockwell  Science  Centre  work  on  this  material,  while  Sadananda  from  the  Naval 
Research  Laboratory,  USA  concentrated  on  the  effect  of  SiC  particulates  and  whisker 
composites  with  MoSi2  on  creep  resistance.  While  composite  microstructure  can  be 
designed  to  provide  creep  resistance  much  superior  to  superalloys  and  approaching 
ceramic-ceramic  systems  at  temperatures  greater  than  1UU0°C,  it  was  clear  that  low 
temperature  toughness  must  be  enhanced,  perhaps  utilising  ductile  phase  toughening 
or  laminate  design.  Two  approaches  to  the  stability  of  inteiTiietallics  were  described 
by  Raju  from  Indira  Gandhi  Centre  for  Atomic  Research,  India,  and  Ashok  Singh  from 
the  Defence  Metallurgical  Research  Laboratory,  India.  Raju  described  tbe  variety  of 
semi-empirical  approaches  using  alloy  theory  parameters  and  concluded  with  his  own 
work  in  developing  a  new  structure  map  parameter  which  offers  advantages  over  the 
Pettifor  scheme.  Ashok  Singh  offered  a  description  of  a  variety  of  thermod^mamic 
approaches  includingCVM  to  developing  ground  state  structures  in  ordered  hexagonal 
systems.  Tassaduq  Klian  of  ONERA,  France  described  the  nature  and  substance  of 
European  Community  Schemes  such  as  BRITE-EURAM,  COST  and  CEASI  as 
related  to  intermetallic  programmes  and  provided  a  summary  of  ONERA  work  on  B2 
alloys  based  on  the  Ti-Al-Nb  system  and  approaches  to  TiAl  alloy  development. 

A  variety  of  contributed  presentations  from  various  research  groups  in  India 
covered  work  on  phase  transformations  in  TiAl,  Zr^Al  and  B2-DO3  systems,  powder 
metallurgy  and  ingot  approaches  to  processing  FcgAl  and  Al3'ri  alloys,  the  mechanical 
behaviour  of  alloys  of  theTi3Al-Nb  .system  and  oxidation  resistance  ofTi3Al  alloys.  A 
dominant  metallurgical  theme  that  emerged  from  the  symposium  was  the  dichotomy 
that  exists  between  high  temperature  strength  and  low  temperature  ductility  in  the 


intermetallics.  Alloying  and  processing  scliemes  that  enhance  the  one,  almost 
inevitably  do  so  at  the  expense  of  the  other. 

A  hard  copy  of  tlie  material  presented  in  the  overview  talks  is  provided  in  two 
volumes.  The  first  covers  the  aluminidcs  :  htiAl,  TiAl,  NigAl,  FegAl  and  TigAl.  The 
second  presents  the  material  on  European  intermetallic  activities,  molybdenum 
disilicide  and  its  composites,  the  ground  state  structures  and  stability  of  intermetallics. 


March,  1994 

I).  Bancrjee 
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Principal  European  Programme  on 
Advanced  Materials 
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BRITE  -  EURAM 


TABLE  1:  GENERAL  CONDHIONS  FOR  PARTiaPATlON 


Type  1  Projects 

(up  to  90%  of  available  budget) 

IndiKtri^  y^plied  Research  Size  -10  Man-years  minimum 

-indicative  Priority  Themes  -1  to  3  Mecu 

-precompetitive  and  collaborative 

-potential  for  exploitation  Duration  -2  to  4  years 

-subsequent  development  expected 

Partners  -at  least  2  independent 
industrial  enterprises 
-at  least  2  different 
Member  States 


Type  2  Projects 

(7%  to  10%  of  available  budget) 


Focused  Fundamental  Research 

Size 

-10  Man-years  minimum 

-upstream  of  Type  1 
-indicative  Priority  Themes 

0.4  to  1  Mecu 

-precompetitive  and  collaborative 
-industrial  endorsement  from 

Duration 

-2  to  4  years 

2  Member  States 

Partners 

-at  least  2  organisations 
-at  least  2  different 

Member  States 

Co-ordinated  Activity 

Co-ordination  of  related  research  EC  Funding-up  to  100%  coordination 

costs 

-witl^  Techmcal  Areas  -not  research  costs 

-in  difierent  Member  States 

-co-ordination  activities  only  Partners  -as  appropriate 

-proposers  must  justify  activity 


Calls 


-continuous 


COST 

PRESENTING  NEW  PROPOSALS  &  JOINING  PROJECTS 
Flow  Charts  on  Project  Procedures 


*  Proposing  a  new  project 
Preparation  phase 


V  Joining 

^  the 
project 


CONTACTS 

COST  Secretariat 

Council  of  the  EC  (GD  Dl) 
170  rue  de  la  Loi  Chari.  9/47 
B.  1048  Brussels 
T61.  32  2  234.73.62  or  66.44 


*  Joining  a  project  as  a  member 
-  Project  already  under  execution 


Individual  Scientists  or 

Research  Institute  or  Industry 

Cost  Secretariat  | 

Project  Management  Committee 

National  Authority 

New  member  of  a  COST  project 

V 


3.4 


Concerted  European  Action 
on  Structural  Intermetaliics 
(CEASI) 

The  objectives  of  CEASI  are: 

(i)  To  provide  a  framework  by  which  a 
coherent  pre-coinpetitive  research 
programme  can  be  carried  out  in  the  field 
of  structural  intermetallic-based  alloys. 

(ii)  To  ensure  that  there  is  a  balance  of 
activity  in  the  research  programme  across 
the  whole  discipline,  so  that  European 
intermetaliics  research  goes  ahead  in  a 
well-balanced  way. 

(iii)  To  supply,  process  and  circulate 
reference  materials  to  participants. 

(iv)  To  develop  a  fundamental 
understanding  of  alloying  behaviour  in 
intermetaliics  so  that  alloy  development 
and  alloy  processing  is  on  a  firm  basis  for 
future  application  to  the  manufacture  of 
components. 


CEASI  Project  Management 
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High  density  (>  5) 


proposed  by  Perepezko  et  al.  (1990). 
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Key  Metallurgical  Factors  I  onera 


Machining 

-  Good  quality  of  the  surface 


Acute  solidification  texture 
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Composition  determined  by  Chemical  Analysis  and 
Volume  Fraction  of  the  a2  Phase  estimated  through  TEM. 
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Various  transformation  modes 
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-  solute  redistribution  through  moving  grain  boundaries  ? 

-  mechanism  less  clarified 
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Two-phase  A2+B2  (or  A2+L2i)  alloys 
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observed  in  Fe-Ni2AlTi  system 
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Background  of  MoSi2  Development 


•  Early  NACA  reports,  R.  A.  Long  and  W.  A.  Maxwell;  1950  - 1952 

Hot  pressed  PM  material;  <100%  dense 
Oxygen,  carbon  and  grain  size  effects  quantified 
Hot  tensile,  hot  compression,  tensile  creep  and  oxidation 
measured  to  at  least  1300°C 

Thermal  shock  resistance  (under  stress)  of  turbine  blade 
shapes 

•  German  work  began  in  early  50’s  as  well;  Fitzer  and  students 

which  has  continued  to  the  present  time 
Ductile  phase  (wire)  composites  with  Ta  and  Nb 

•  Soviet  reports  beginning  in  mid  50’s;  Samsonov  and 

coworkers  on  transition  element  silicides 
Thermophysical  properties 

•  SiC  whisker  composites  work  began  in  mid  80’s  in  US;  Carter, 

Gibbs,  Petrovic  (LANL) 

Strength  and  toughness  benefits 
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Dislocations  in  MoSi 
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Ductile  to  Brittle  Transition  Temperature 
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Temperature, 


Accelerated  Oxidation  of  MoSi2 


Fig.  2 — Cyclic  oxidation  of  CERAC  MoSii  samples  in  dry  air  as  a 
function  of  temperature:  (□)  400  'C;  (A)  450  ”C;  (O)  500  "C; 
(O)  550  "C;  and  (V)  600  "C. 
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Schematic  of  Reactive  HIP  Process 
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Microstructure  of  MoSi2;  as  processed 
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Effect  of  Microstructure  on  Mechanical  Properties 


Non-linearity  in  Stress-Strain  Curve  =  Piastic  Deformation  ? 


Yield  Stress  vs  Temperature  and  Strain  Rate 
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Microstructure  of  M0SI2  deformed  at  lO-^sec^ 
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M0SI2  Composite  Approaches 
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strength  and  Toughness  of  MoSi2  Composites 


Table  1:  Room  lemperalure  Fracture  louglmess  Data 


MoSlj  + 

MoSi2  + 

MoSlj 

VLS  SlC(>r) 

VS  SiC(«) 

MPanii 

5.32 

8.20 

6.59 

(ksi  lll>) 

(4.84) 

(7.45) 

(5.99) 

From:  D.  H.  Carler,  J.  J.  Pelrovic,  R.  E.  tioniiell  and  W.Scolt  Gibbs,  "Sic  - 
MoSlj  Composites",  Los  Aiamos  Nationai  Laboratory,  LA-1 1577-MS, 
June  1989. 
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strength  of  Molybdenum  Disilicide 


Temperature, 
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Toughness  of  Molybdenum  Disilicide 


Temperature, 


Ductile  Phase  Toughening  by  Crack  Bridging 
(Evans,  Ashby,  McMeeking,  Mehrabian  et  al) 


Issues  Concerninq  Ductile  Phase  Touqhenin 


CM 


135 


Nb  Wire  Reinforced  MoSi2 

Hot  pressed;  =95%  dense;  5  mm  dia.  wires;  50  vol%; 
reaction  zone  =10|im 

Impact  resistance  increased  700%  vs.  unreinforced  MoSi2 

High  Temperature  Bend  Strength*: 

500  MPa(a)1200°C 
200  MPa  1300°C 
Room  Temperature  Bend  Strength**: 


0,2  0,6  0,8  1.0  1.2  1,1.  1.6  1,0  2.0  2,1  2.2 
DEFLECTION  I  mm) 


Ref.:  J.  Sclilichliiig,  High  Temp.  -  High  Pressures,  Wj  (1978),  241. 

Hef.:  E.  Filzer  and  W.  Rernmele,  Fifth  Internationa!  Conf.  on  Composite 
Materials  ICCM-V,  (1985),  515. 


Ig/t  I;im  min 


Parabolic  Rate  Constant  for  Growth  of  1^/15813 


in  Contact  with  MoSi2 


io*r-'  |K-']  — ^ 


2000  1900  1800  1700  1600 

rfK) 


Ref.:  E.  Fitzer  and  F.  K.  Schmidt,  High  Temp.  -  High  Pressures,  3,  (1971)  445. 


Toughness  of  Laminated  Composites 
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Xiao  &  Abbaschian,  Met.  Trans.  10  (1992) 


Thermal  Expansion  Coefficients 


(^A9-0lX) 
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CTE  Cracking  in  Brittle  Matrix  Composites 


radial  r-cracks 


normal  z-cracks 


<R=  R(EnieT/Km)2 

R  =  reinforcement  size 
Km  =  matrix  toughness 
Em  =  matrix  modulus 
Gt  =  misfit  strain  =  f(Aa) 

^  =  critical  size  below  which  no  cracking  occurs 


Lu,  Evans,  Hecht  &  Mehrabian,  Acta  Met  8  (1991) 


4.33 


CTE-induced  Matrix  Cracking 


^  depends  on 

/=  volume  fraction  of  reinforcement 
E  =  ratio  of  elastic  moduli 
V  =  Poisson's  ratio 

jLL  =  interface  response  (friction  coefficient) 
Trends  in  cracking  coefficent  with  volume  fraction 


^.34 


X  Cracking  -  Bonded  Interfaces 


er  Volume  Fraction, 


CTE  Matrix  Cracking  -  Debonding  Interfaces 
MoSi2  reinforced  with  SiC 


[2(‘“M/-‘-3“'3)®d]  'juepajeoo  Suppejo 


Fiber  Volume  Fraction, 
4.36 


FFFECT  OF  MICROSTRUCTURE  ON  THE  CREEP  OF  MOLYBDENUM 

DISILICIDES  AND  THEIR  COMPOSITES 
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CANDIDATE  MATERIALS  FOR  HIGH  TEMPERATURE 
APPLICATIONS 


temperature  applications. 


( 


EFFORT  ON  MOLYBDENUM  DISILICIDE  COMPOSITE 


Creep  Data  for  MoSi2 


_ Material _ 

M0S12 
MoSii 
MoSii.  HP 
MoSi2>  mP 
MoSi2 

Moli2.  single  crystal  <210> 
MoSi2* 

(Mo.W)Si2,  HP 
(Mo,W)Si2 

MoSi2+20v%SiCw.  HP 
MoSi2+18v%SiCw.  HIP 
MoSi2+20v%SiCw 
MoSi2+20v%SiCw 

(Mo.W)Si2+20v%SiCw 

(Mo,W)Si2+20v%S}Cw 

(Mo,W)Si2+20v%SiCw 

MoSi2+20v‘7oSiCp,  HIP 

MoSi2+20v%SiCp+10Nbp,HlP 

MoSi2+20v%SiCp 

MoSi2+20v%SiCp/Mo 

MoSi2+20v%Si^ 

XD  MoSi2+31>vwSiCp 

MoSi2+20v%Er2Mo3Si4p 

MoSi2+20v%CaOn 

MoSi2-45v%Mo5Si3.HP 

MoSi2-45v%Mo5Si3»t>b 

MoSi2+5v%SiCp 

M oS i 2‘t' 1 .  P 

MoSi2+20v%SiCp 

MoSi2+30v%SiCp 

MoSi2+40v%SiCn 

MoSi2+5v%SiCp 

MoSi2+10v‘7®SiCp* 

MoSi2+20v%SiCp 

MoSi2+30v%SiCp* 

MoSi2+40v%SiCp* 

MoSi2+lwt%C 

MoSi2+2wl%C 

Mn.Sh+4wt%C 

*  Tensile  Creep  Test 


Temp., 

•c 

1200 

1200 

1200 

1100-1400 

1100-1300 

1200 

1200 

1200 

noo-1400 

1200 

1200 

1200 

1100-1450 

1100-1400 

1175 

1225 


Stress, 

MPa 

"Tto 

42-130 

35-70 

35-70 

10-80 

10-80 

70-170 

10-50 

35-70 

2-200 

35-70 

35-100 

100-250 

20-200 

8-250 

30-50 

30-50 


Act.  Eng., 
kJ/mol 


1200 
1200 
1 100 
1 100 
1200 

1050-1300 

1200-1300 

1200 

1200-1300 

UOO-1300 

1100-1200 

1100-1200 

900-1200 

1100-1200 

1000-1200 

1050-1150 

1050-1150 

1050-1150 

1150-1250 

1100-1200 

1200-1400 

1000-1400 

1200-1400. 


IT 

3.5 

2.8 

2.8 

1.7,  4.4 
2 
2 

2.7 

1.6 

2.4-3.6 

3.1 

3.1 

3.1 

3.3,  5.2 


50-100 

65-120 

40-90 

70-150 

8-100 

35-300 

100-280 

100-310 

10-110 

150-1000 

20-180 

20-250 

15-450 

35-300 

40-400 

10-30 

10-30 

10-30 

30-50 

30-50 

20-250 

20-300 

20-250 


2.5 

3.5 

5 

3 

3.1 

3.5 

3.5 

3.5 

2.5,  3.5 

4.5 
1 
1 

1.4 

3,5.7 

5 

1 

3 

5 

5 
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Ref. 
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S'jd.-tnanda  et  al 

Wiederhometal 

Wiederhom  et  al 

Bose 

Bose 

Deve  et  al 
Deve  et  al 
Ghosh  et  al 
Suzuki  et  al 
Patrick  cl  al 
Patrick  el  al 
Mosan  cl  al 
Mosanelal 
Sadananda  et  al 
Sadananda  el  al 
Sadananda  el  al 
Sadananda  el  al 
Sadananda  et  al 
Wiederhom  et  al 
Wiederhom  el  al 
Wiederhom  et  al 
Wiederhom  el  al 
Wiederhom  el  al 

)  Sadananda  et  al 

)  Sadananda  et  al 

r  Sadananda  etal 
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100  MICRONS 

50/50  MOLE  %  M0S12/WS12 


100  MICRONS 

30  VOL.\  SiC  PARTICLE-50/50  MOLE  \  M0S12/WS12  MATRIX 
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Ordered  Ground  State  Structures 
in  HOP  Alloys 

A.K.  Singh 

Defence  Metallurgical  Research  Laboratory, 
and 

Prof.  S.Lele 

Banaras  Hindu  University,  India 


OEBEMED  GEOUMB  OTATE 
TEUGTUEEe  IN  MCF  ALLOY 


A.K.SINGH1  AND  S.  LELE^ 


Defence  Metallurgical  Research  Laboratory 
P.O.  Kanchanbagh,  Hyderabad-500258,  India 

Department  of  Metallurgical  Engineering 
Institute  of  Technology 
Banaras  Hindu  University 
VARANASI-221005,  India 


THERMODYNAMIC  STABILITY 


ORDERED 

GROUND 

STATE 

STRUCTURES 


ORDERING 

FROM 

ENTROPY 

CONSIDERATIONS 


n 


GROUND  STATE  STRUCTURES 

CONFIGURATION  ENERGY 
E  =  E  (1/2)  q,  W, 

q. :  number  of  jth  neighbour  A-B  bonds 
Wj  :  2V^b  -  -Vgg  =  Interchange  energy 
For  third  neighbour  interaction 


E  =  (1/2)  (q,W,+q,W,  +q3W3) 
E/W  =  (1/2)  (q,+q3V,+q3V3) 
where  :  =  W^/W^  and 
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DIVISION  METHOD 
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P.ELAT\Vg  stability  of  STRUCTURES 

stability  domains 

Composite  maP 
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CLUSTER  METHOD 
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-♦  MOTIF 


CLUSTER 


WEIGHT 


ENERGY:  Linear  function  of  cluster  concentration 

-►  MINIMISATION  OF  ENERGY:  Linear  programming 

method  (Two  cluster  solution) 

Realisation  of  solution  on  hep  atomic  sites  in  a 
consistent  manner 

RESULT  :  9  structures 

AgB.  A3B(3),  A^B,  AB(4) 
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Fig.  3.  Stability  regions  of  structures  obtained  by  cluster 
method  as  a  function  of  interchange  energy  ratios  t’,  and  tu 
for  IF,  <0  and  C  ^  1/6.  Arrows  indicate  stable  solid 
solution  at  internivdiatc  composition  while  the  plus  sign 
corresponds  to  a  miscibility  gap. 


CONFIGURATION  POLYHEDRON 

METHOD 


-♦  MOTIF 

^  Structural  inequalities: 

half  space  (Cj,  r^,  r^,  C) 

Convex  polyhedron:  Configuration  polyhedron 

Realisation  of  solution  on  hep  atomic  sites  in  a  consistent 
inanner 

RESULTS 

15  structures 

Series  of  long  period  APR  modulated 
superstructures  with  stoichiometries 

Entire  surface  of  the  configuration  polyhedron 
corresponds  to  ground  state  structures 


LIMITATIONS 
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2D  planar  surface  of  configuration  polyhedron  obtained  by  intersection  of  hyperplanes  («)  4  and 

5,  \h)  5  and  9  and  (r)  1  and  2. 
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MULTI-ATOM  INTERACTION 

METHOD 

■4  CLUSTER  METHOD 

MOTIF  [Tetrahedron] 

Multi-atom  interaction  parameters 
[4  body  force] 

Look  for  minimum  number  of  variables 
MINIMISE  ENERGY  IN  PARAMETER  SPACE 
RESULTS 

A3B,  A^B,  AB,  AB2  and  AB3 
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STABILITY  OF  EXPERIMENTALLY 
OBSERVED  HOP  SUPERSTRUCTURES 

AgB*:  NigSn.  MggCd.  TigAl  W,<  0,  >  -1,  <  0 

A^B^:  Pt^Ta  Wj<  0,  0  <  <  1,  <  0.  >  0 

WC.  LiRh  Wj<  0,  V,  >  -  1,  >  1/2 


AB*: 

AB^: 

AgB  +  AgB^: 
A3B*  +  AgB^: 


MgCd 


Au.Zr 

4 


CUgSn 


A  +  AgB  +  AgB*  +  A^B^:  Cu^^Sb, 


W,<  0.  V,  >  -1,  <  0 

Wj<  0,  Vj>  1,  0  <  V2  <  1 

Wj  <  0,  Vj>  0,  V2  =  0 

Wj<  .0,  Vj  >  0,  Vj  >  0 
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7.  Stability 

S.  Raju,  E.Mohandas  and  V.S.Raghunathan 
Indira  Gandhi  Centre  for  Atomic  Research, 
India 


TABILITY 


S.  Raju 

E.  Mohandas 

V.S.Raghunathan 


Indira  Gandhi  Centre  for  Atomic  Research 
Kalpakkam-603102,  India 


TAmmiTY  (DIF  HMimiEMIFIPAILILIKD 

A  Metallurgical  Physics  Perspective 


S.  Raju 

Indira  Gandhi  Centre  for  Atomic  Research 
Kalpakkam-603102,  India 
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STRUCTURAL 

STABILITT 


First  principles 
approach 


UNDERSTANDING 

ALLOYING 

Theory /mopel  for 

COHESION 


EMPIRICAL 

SCHEMES 


PREDICTION 


STRUCTUMt 

srsTSMAFlCS 


SEMIEMPIRICAL  METHODS 


•  Establish  the  trend  using 
Appropriate  flllor  theory  pora meters 

•  Setup  a  microscopic  model  in  terms 
o[  these  parameters. 


•  Pseudo  potential  t  7i3ht  binding  meVhdds 

•  Pair  potential  analysis  (Machlin) 

•  Macroscopic  Atom  model 

(Miedcma) 

•  Interstitial  electron  density 
model  I  Schubert,  Johnson) 


PAIR  POTENTIALS 


E  =  iiW)  1  f  m-) 


•  Absence  of  volume  dependence 
Ordering  Enerj/  may  be  represented 


E=  F(f)f 


Volume  dependence 
(sWturtil  term) 

EMBEDDED  ATOM  MODEL 


MIEDEMAS  MODEL 

ALLOY  r  ASSEMBLY  OF 

NEUTRAL  W-S  CELLS 


PARAMETERS  ! 


•  electron  densitr  (I ;  P  *) 

•  chemical  potential  iue  to 
electronic  cliar3e  ((f^) 

•  Molar  Volume 

=  (■  p  *  0  («''/  !  Rj 


miedema  maps 

(Af, 
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=  No  of  d  X  of  d  election 

Vi  K(E)<I.6-  E  -  N4&*‘ 


=  ~  /lo-  N<lj  Nj, 

:  VliclHi  of  cl-ban4 
Nit  N«.  of  d-cUctroor 

fcr  on  B|_jg  allof 

x^Vi 


Friepe-l 
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AO  Ao  ^ 
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PETTIFORS 

MODEL 
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TypJcqIIy  Vlhit  dio  the  MaUrial^tientis^s 
^rom  Srslewailtotioa  studies  ? 

•  Under  V^hat  conditions  do  two  elements  A  K  B 
Combine  and  U  so 

Do  the/  form  compounds  or  Solid  /  iiquid  Solotions  ? 

More  Speciffcoliy  the/  look  for 

•  Yiumber  of  compounds 

•  Crystal  Structure  information 

•  StabiliVr  of  compounds 
(polyrAorpV»ic  k  oHi«r  tronsition. 

Cohesive  ener9y .  Lottice  stability 
Parameters  etc) 

•  If  they  ere  Insoluble  then  >J(ir  ? 

•  basically,  these  ore  Hi#  ptimary  informoHon.  VthicW 
togettw  form  a  comprehensive  physicol  Metallurgical 
d«l«  bose.  Ho  A.ubW  on«  con  boVo  ofc«  r"p«'«'» 

-  tfiermodynamic 

-  electrical,  magnetic 

-  transport  properties 

but  in  my  opinion  they  do  not  form  a  Simple  amitiiio 
basis. 


•  EKtent  ot  solid  solubility 
%  Type  of  Solid  Solubility 
isomorfhous 
SuticHc 

peritoctic  k  a  host 
of  Others 
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CR\t\CAL  appraisal 

•  In  Us  core  the  model  is  empUicol. 

•  SobHo  efftcU  like  mijntHe  conKibutlon  b  stab'ilib 
IS  ne3lecUd 

•  Allots  U)'ib  SC,  Se  ob  are  no^  soVisfocbriV 

•  The  posies  of  alloying  a»  adyanetd  Sy  this  model 

I’s  SfricHf  tacorrect  ,  alH\ough  Us  (vumerlcal  Q3r«erftent 
WiHi  precise  firsl  principle  calculations  is  Surprisinglt  9®*^- 

•  Applicatiokis 

•  txfrapolafion/  JnTcrpolafion  ICmlltd  databank 

•  Calculation  of  in  ter  facial  Energies 

•  PredlcHon.  of  glass  Formation  ranges 

•  Assessing  the  relative  Stability  tr«  ds 

.  Analysing  solid  Solobildy  ciota 

y  USE  OF  BASIC  COOROIMATES  Tl)  CRiTSTAL 
STRUCTURE  SYSTHMATICS 


An  slgorithm  to  generate  probable 
structural  alternatives 

•  structure  maps 

Simplf  pKenemenologicol  correUlions 

A  truly  prineiplos  appro ecb  is 

a  non  starter  by  Ueelt 

Effect  of  various  appro wmations  on  the  oofpot ! 


isi^e-there  a  Universal  fHEORv?  ■ 

a 


SIMPLE  METAL 
ALLOYS 


TRAKSITION 
METAL  ALLOYS 


•  Pseudo  potential  •Tijht  binding 

•  LMTO(ASA) 

HTBEID 

YARlETiES 


DFT(lda);  ? 
ASW 


STABILITY  ? 


F  =  -/S"'  In  Z  1 

Z  Ti  Jexp  (-/jH)]  2 

'’k.T 

Z  *  Parittidn  funciian 

H  s  a  (ground  sUie)  efleigf  furtciioK 

H-  2  H,  +  H  .  ♦  H. 

^  €-E  t-i  i-e 


Ha  E  E  (ScWb«din5er  equaha^, 

^  Vlria\  thcortiA  /  •  •  •  ) 
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SIMPLE  METAL  A'ULpY'S^ 


METAL 

=  SCREENED  +  PtLOCADZEP 

lON  CORE  conduction 

electrons 

A’h,  = 

t 

oc  AH^  t  AHg 

AH,= 

(Ea-  E.) 

E* 

fs» 

volume/eledran  •  eledron  aensity 

E=  iEjtE.,.E,  .E.  ,  *tl 


Pot.  MadcluNj 


E*  ^ej  ^  Structure  depenc!«nf  confribuHon-, 
Peperulinj  on  the  sophisticatioii,  pluj  i»t  appropriete  Et 

^  Jive  fc^uilibriuTO  c»l^^^t40A^. 

f.r,  ir\  ‘ 

lira  binary  A^B,^  .the  Fvnal  exprassU* 

E(PeraW)  »  .Z’'(?41  -±J!«  -O-llS  +0.031  Ur's} 

Ts 

Vs^'j  '  rj 

z's  XZA+(t-*)Z8 

0(  =  1-732  (fee) 

zire'^x  ^ 


AF--  AE:TAS 

mix  WiA 


miA 
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I 

I 

I 


Th^  prcseitt  sWf  aHimpis  ia  den'M  a  Sianl^ 
CoorcjUnaia  s4»vc^ore  'TYiap. 


Ot'IIiy'  one  pammeicrf 

Periodic  h»s  on»  di<™n«i<>n-  ««n>.W  * 

3s  possible  b,  J«.* 

c«t«Hr  *““»'  f"**'* 

rr  i.t’  r.«. 

."C-  •> 

-x. 

Ams  0).  '!•»-  *"•  . 

U.  - 


PRESENt  PARAVAEfER 


S  t\'^  I 


ws 


Work  funsWo"  r«l»W  *  * 

e\«lm  «-S  c4  s«  « 

Vo\o»^  /  ♦"-•U  •  • 


\  As  A  STRUCTURE  MAP 


•  f^drction  oF  Sdlid  Solubillff 

•  Prediction  of  Compound  formatiort 

•  AB  Structure  type  Sorting 

•  The  ran3<  of  ^  is  increased  bf  artihcl^rll^^ 

^trin^if^  i-k  in  ■the  decreasinj  Order. 

Ce  1  t 

(actinide  omitted) 

H  :  rc 


•  Predicts  r^onably  So\id  solution  exclusion 

and  compound  formation  exclusion  tone. 

.  Sofi  AB  structure  type  only  as  J^d  es 

any  oHrer  SinsW  eoordinete  M«p. 
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.  The  ^  VARIATION  for  fRANSiTlON  METAL 
PfRIOPS  IS  RATHER  \RRBQULAR 


Sc  Ti  V  Cr  Wh  fe  Co  Hv 

Y  2r  Nb 

U  Hf  fai  -W  Re 


•  tt)€i^  is  a  cirop  in  ^  tn  going  from  IA->  hA 
it.  U,'*  Be  •.  Ha.-*  Mg  etc- 

b'-  is"  2S'-2S" 

*  does  noi  appear  to  be  a  SmooTH  foncVion  of  Z. 

'  \  ^  ^lectronegoVivlVif  ? 

2  <m  en«3y  parom.ttr ,  cKomcteristic  of  the 
Cond«,5.<l  State,  «>“  sta_^«, 

*.  It  may  not  therefore  obey  *^he  breads  of 
Atornic  coendiCnate. 
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•  tAit  propose  )(  ^  n\ca5'»r(i  of  «Uxirone^ailtf‘iVf 

tlicn  the  high  eUtlroncgali/e  elcMtnU  on  -khc 

€Atr<m«  righi  has  no  optijo  ofher  than 
Covalent  bond. 

*'  Low  Values  of  'metals  wielioa^CS  that  eleefron 

redlsthbufion  is  lather  ^asy  upon  Homo  polar 

bond  formaKon .  Laii;  ^lecironegahVi^  Sugjui*  that 
■^TAnsfer  deUcaluah  <n  of  atomic  Valence  sKeli 

in  fo  Conduction  band  is  (kss^  -enor^Y  in.exptnsiv€ 


'PosinoN  OF  H2  rcsKofrling  ? 


1 .22 


k£L6V'A^;CE  OF  \  »  9m0V\C  lABU 


♦  dccreasts  down  the  group /( Save  For  SI -fie) 

for  s,  p  €l«m«nis 

I'^O'on  tiia  Vr.  Srt  (at-ra^u)  intr'i-*.', 

an-i  S.  f,  d  St’Ud  tlvle  o-jf-'';  -;. 

d-^Fcrentf  ta  ComM  dr'i'n . 

'V  tncreosed  dotocaiizaKoa 
iaatastJi  'mcFdUkilK' 

uc  dccretues  <. 

iJj-  X.  ^  au--  one  e”  entigr  of  valence  sU-d 

Wxttt  ^is  \rtn<i  is  BCCtpUd. 

•  5(ighi  vpKardI  ShlFt  in 

S\  \  P  dement'-  140  d'bend 

fit-  imperfect  Ser««nin3  bf  d-bend  of 
Valena  b  and  p.  a  -net  n.sulb  th^ 

a  SlqU  d-b»r>d  CotviHbaiion  Sb>FHn9  d  to 

StmiconiucHvift. 


C««p»™d  sc,  6'  ‘ 


SCALE  FOR  72  ELEMENTS 
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rhe  Menaeieev  Numoer  for  consfiruenr 


PRELIMlWARr* 


CONCLUSIONS  ABotlJ 


For  s,  p  dcmei)l£.  the  meiollic  sioi*  v*lenc$  orbif^/s 
'ttitLLO  n  Isryt  poriitn  atomic  ckarad^ 

fln</  ihonfort,  AKhikiis  a  irtnd .  ceCnudihj 

lAiUh  an  ^{(ftnic  tlccironc^nfinfY 


0 


in^r« 


the 


Itonduy  ih* 
^vidtnceJ 


s'  othit'els  art  cnVolved 
IS  'fhii 

^  U  >  ^/ae  etc  • 

A  w«  >  Kmj 


'ft-ansitidn.  Metals  jukthil  a  lon^e  qf 
At(^,  betidiLi  h»juif\^  /ovt  ')(  themselvts . 


*  Rare  e  -tend  to  group ,  mrunjle  w/M  +Kc 
4"  transition  tnetnls,  thu*  U’nifyinj  the 
general  'metalliut)''  oj  <hesc  |^P-  Note,  the 

PnESroe  form  af  pertadte  table  tends  to 
fuddle  this  trend  •  AjUr  ta, 

Le-*lu  must  he  fotUtnd:  But  ivc  write 

La-  H{-  Ta-  W  -  ■  •  ■' 
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CHARGE  TRANSFER  STEP 


A4B 


This  is  attractive  As  charse 
Transfer,  prwen  by  chewcal  potential 
6RA01ENT.( 

ELECTRO  CHEMICAL  FACTOR. 

Thus  j* ,  6  coulp  »e  basic  alloy  theory 
PAraneters. 

StS'QES.rUEY  are  COMMECrEO  ro 


i 


electron  density 

»P  or  n  a  ' 

Vz 

Va. 
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/ 


•  Z  Cannot  be  solved  exoctlr  in  3-0 

•  H  IS  «  composite  term,  ejein  exici 
Cilculatlons  ar(  impossible 

•  Approximations  at  this  very  bosie  level 

•  Adiabatic  appnxiiiativn 

•  one  electron  approximation 

•  SelP  consistent  treatments  of  e-e 

(Various  band  structure  modtls*  PFT,  fpr} 
fMAi  Molecular  dynamics,  duster  catcelatioos) 

•  Incorporation  ot  temperature  etlects 

•^hannonic,  quasi  hannonic  models 

-  j,* 

\ 

•  in  adequate  portrayal  ot  loner  T  r€5ime 

•  Cilculational  accoracr  i 

<  \ey 
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required  input 

•  Set  of  Zi 

•  eqlm-  spflcinj  (VejAnJs  Law; Zens Lau} 

•  Core  size ,  Madelunj  Cowfant 
OUTPUT 

Formation  feMfHALPY. 
ELECTRONEeATlYirr 
Bulk  modulus  (?; 

SFE.  AP6E  (?) 

ORDERING  ENERGY 

VALIDITY 


ONLY  S,  p  ALLOYS 
ATTRACTION 

SIMPLE.  ALLOWS  EASY  BREAK  U 
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INPUT 

"Wi.  Ui  (i'=A,  B)  ;  - 

SIMPLE  ; 

NO  STRUCTURE  DEPENDENCE 

absence  of  repulsion  term 

BUT  EXPERIMENTAL  AGREEMENT 
GOOD  ? 

Hou)? 

$ 

Now  to  incorporate  structure  ? 

STRATEGY 

(i)  N(E)  •*  density  of  states,  structure  . 

Sensitii^e. 

t«)  Force  Theorem 
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C'-nsi.Ur  C  C.«Ul 


further 


Si 


i«traVie<lr4|  SC 


Gc  J 

Sft  -  wV\iU  iin  ,  Sc.  ieimjenal  lower  7^^ 


Fb 

■ 

Fee,  'malal. 

lower  ^ 

Al 

Si 

P 

X  si  * 

2 

Ga 

6e 

As 

Xse  * 

^  ♦  Xeq 

In 

2 

Sn 

Sb 

X  - 

^Sn 

Xu  +  Xsb 

Z 


A\P 

6a  As  Semicendaclm^ . 

llV  Sb 


t-" 


Ao  VJe  Jo  frORi  Lcfk  -♦  in  periodic  •kabis 

U)d  IfTotn 

Matalllc  -*■  CoiTaUiit  bindinj 
U',  B,  c.  F,  As  • 

8*.  Ot  Fi  ale  ••  • 

elc  •• 
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what  is  special  about  transition 
metals  ? 


d  electrons  - 


-  Spaiiall/'  localized 

-  Covaleni  interacliort 

-  'Stwn3lf  bound  to  H\a  core 


riQHr  SCHEME 


E  =  U  ^  u 

att  rep 

%  —  I  *  « 


'l*  +  t  u 


4Hiars 


RECMN(StJi.AR 

BAKP  ASSUMPnOf/ 


w(E'> 


-“/v  . 


tfCB) 


transition  metal  cohesion 

E~Ej  +  E  +[  ,  +  oHicrs 

«<  S,p  Std 

band  theory  route 

« 

Es.p  a  Pseudo  potential 
E  svd  =  bilidinj 

^cHicrs*  Magnetic. 

/T\  d  band 


S,pband 
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Arbi'brorY 


OCCURRENCE  OF  MgCuj  STRUCTURE 


PREDICTED  TO  FORM  M{,Cu,  WITH  SUITABLE  'b'  ELEMENT  ^hln 
ErSi-,DrS,  ,  AgBcj  ,  FeBej  ,  CuCpj  ,  LiPt,  ARE  SPECIAL  CASES. 
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OCCURRENCE  OF  MgZn^  STFIUCTURE 


(np)  dV 

n  £/i 


A0'^(  VOLTS) 
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NONTRANSITION  -  NONTRANSITION 
MgCu2  TYPE 


j^,(SiiNn  AllSN3a),/,J-V 


A0*(  VOLTS) 


A0  (VOLTS) 


A0*(  VOLTS) 


\0*(VOLTS) 


•  MC02  type  MgCUj  SYSTEMS 


(VOLTS 


A0*;  VOLTS) 


A0^  VOLTS) 


iiiiiilii'liiliiilliiiiiiliiliiliinii 


CONCLUSION  #  1 


The  direct  methoc)  is  seUtm 
transparent  and  transferable 

bot 

it  offers  fo  vatidate  or  othenoise 
Su.ccessfu.1  empirical  correlation 


/.53 


CONCLUSION  *  2 


Miedema 


Coordinates  : 


Bond  Jfidical’ors  ? 

Sl’RUCnjRE  PORTING 

^'^RAMerei^s 


^etti 


fors 


M  {edemas 
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